Enhanced Recovery (ER) or fast-track total hip (THA) and total knee arthroplasty (TKA) has become well established ([@CIT0016]). This is a multidisciplinary strategy involving patient education, multimodal analgesia, standardized perioperative anesthesia and local anesthetic infiltration, judicious fluid administration, and early mobilization. It has been shown to reduce length of stay (LOS) without increasing re-admission rates ([@CIT0008], [@CIT0010], [@CIT0016]). Other endpoints reportedly expedited or improved with fast-track programs include functional rehabilitation and patient outcome ([@CIT0007], [@CIT0015]). Medical complications including thromboembolism are not more frequent using ER techniques ([@CIT0009]).

An earlier study showed reduced early mortality in the first 1,500 procedures at our unit under a locally adapted ER programme ([@CIT0016]). We wanted to determine whether the beneficial effects of ER arthroplasty would persist in a larger group of patients. We now present the short-term (90-day) outcomes and safety data for the first 3,000 unselected consecutive primary hip and knee arthroplasties performed using this ER program, which we have compared to those from an unselected consecutive series of 3,000 procedures using the traditional (Trad) protocol immediately before the introduction of the ER program. Both protocols are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Protocols followed during the different periods in this study. Adapted from [@CIT0016]

                    Trad                                                                                               ER
  ----------------- -------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
  Pharmacological   General anesthesia, spinal or epidural according to anesthetist's preference and patient consent   Low-dose spinal anesthesia without any intrathecal opioids with Propofol +/- Ketamine, and Paracetamol +/- Parecoxib
                    Patient-controlled intravenous analgesia                                                           Local anesthetic: intraoperative infiltration and postoperative infusion
                    No thrombomodulator                                                                                Tranexamic acid
  Procedural        Intravenous fluids continuing until next day                                                       Judicious intraoperative fluid and vasopressor administration
                    Perioperative urinary catheterization                                                              Catheterization only if indicated
                    Mobilization next day                                                                              Same-day mobilization
  Behavioral        Generic patient and staff education                                                                Patient and staff education on ER principles

Methods {#ss1}
=======

The ER program was started in May 2008 and all patients were operated on by 9 consultant surgeons at 2 sites within the same Trust. Only ASA grade-1 and -2 patients were operated on at site 1. Site 2 has a high-dependency facility, and patients of all ASA grades underwent procedures at this site.

The pharmacological components of the program included standardized anesthesia and pre- and postoperative analgesia. Analgesia started on the night before surgery with Gabapentin (300 mg). Low-dose spinal anesthesia was administered for each procedure, with sedation or light general anesthesia, and 1 g intravenous Paracetamol with or without 40 mg intravenous Parecoxib. Levobupivacaine (0.125%, 80 mL) was infiltrated intraoperatively in a wide and layered field including joint capsule, muscle, fat, and skin. During wound closure, an epidural catheter complete with microbiological filter was placed within the joint and tunnelled to exit away from the surgical wound. 20 mL Levobupivacaine was infused through the catheter after skin closure, and 3 postoperative boluses were delivered at 6, 14, and 24 h. THA patients received 20-mL boluses and the larger intra-articular space in TKA could accommodate 40-mL boluses ([@CIT0020]). The ambIT pump (Summit Medical Products, Sandy, UT) was used to deliver the boluses in all these cases, and the scrub and ward nursing staff received regular scheduled sessions to train and maintain skills. Postoperative regular analgesia included Gabapentin (300 mg twice daily for 5 days) and Oxycontin (5--20 mg twice daily for 2 days) followed by Tramadol (50--100 mg every 4--6 h). All patients received intravenous Tranexamic acid (15 mg/kg) as a slow bolus at induction.

The procedural measures were introduced with the intention of reducing perioperative blood loss and to facilitate earlier mobilization. Drains were not used. Wound dressings were standardized ([@CIT0001], [@CIT0005]). TKAs also received a single-layered crepe bandage and a compressive cuff (AirCast Knee Cryo/Cuff; DJO UK Ltd., Guildford, Surrey, UK). Physiotherapy was started within 3--5 h of surgery. Staff nurses were trained to mobilize patients when physiotherapists were not available. Physiotherapy moved from 5 to 7 days a week as the program started, with each patient being reviewed once immediately after the surgery and twice on each subsequent day until discharge.

Behavioral changes were fundamental to the program. Patient education started with the initial outpatient consultation, at which mobilization and length-of-stay expectations were discussed and an information DVD was provided. The message was reiterated by different team members and all patients were invited to attend a patient education class. They were counselled that pain could be expected ([@CIT0014]). The Figure illustrates the different components in relation to the patients' progression through the ER program.

![This schematic diagram shows the patient's progression through different components of the Enhanced Recovery program.](ORT-85-26-g001){#F1}

A uniform blood transfusion policy was adopted in June 2007 (during use of the traditional approach). This is based on national guidelines and has remained unchanged during ER (Department of Health 2007). The transfusion threshold at our unit is a hemoglobin (Hb) value of 80 g/L in the typical physically well patient undergoing arthroplasty. Transfusion is administered routinely at Hb levels less than 70 g/L. For patients with cardiovascular disease, or those expected to have covert cardiovascular disease (e.g. elderly patients or those with peripheral vascular disease), transfusion is considered when the Hb value is less than 90 g/L. Supplementary oral iron is prescribed with or without laxatives if Hb is between 90 and 100 g/L. Orthogeriatric rehabilitation is done on-site, and the LOS data include the rehabilitation stay for the patients who required it. Discharge refers to discharge home. The hospital's discharge criteria did not change with the implementation of the program. These included the patient (1) reasonably pain-free on regular analgesia, (2) voiding urine normally without a catheter, (3) ambulant with 2 crutches at the most, (4) confident alone on the stairs, and (5) able to move the knee 0--90°; with visits organized for district nurses to administer injections of low-molecular-weight heparin.

Certain components of the protocol did change during the implementation of the program. Thromboprophylaxis changed in accordance with evolving guidance from National Institute for Health and Care Excellence (NICE)

The department used aspirin and stockings until October 4, 2006 (midway in the traditional program) when it was changed to Tinzaparin (Innohep; LEO Pharma A/S, Ballerup, Denmark) (4,500 U subcutaneously, once daily). This was continued in the ER program until July 31, 2009. Rivaroxaban (Xarelto; Bayer Schering Pharma AG, Wuppertal, Germany) (10 mg orally, once daily) was used between August 1, 2009 and February 1, 2010, before finally reverting to Tinzaparin ([@CIT0012]). Preoperative Dexamethasone was part of the protocol initially but was discontinued because of concerns about potential immunosuppression. Some physical measures targeting *Clostridium difficile* and MRSA infections were introduced over the study period, including chlorine-containing cleaning agents in patient areas (August 2007) and the start of "Deep Clean" (January 2008) and hydrogen peroxide fumigation (June 2008). The antibiotic prophylaxis at the start of the traditional protocol was 3 doses of Cefuroxime (1.5 g, 750 mg, and 750 mg). This was changed in October 2007 to high-dose Gentamicin (4.5 mg/kg), which was continued in the ER program. It was finally changed to Gentamicin (3 mg/kg) and Teicoplanin (400 mg) in February 2009 ([@CIT0024]). The change to Gentamicin led to concerns about renal dysfunction, and the concomitant use of non-steroidal analgesics could not be adopted as a regular feature in our ER program despite their reported benefit in improving postoperative outcomes ([@CIT0003], [@CIT0023]). Lastly, there was a national shortage of intravenous Tranexamic acid for 18 weeks (National Electronic Library for Medicines 2010). Instead, the oral preparation was administered in 302 procedures at a dose of 25 mg/kg (maximum 2 g).

Qualified coders collected data on all patient episodes. Data on individual episodes were linked, so that complications resulting in re-admission after a successful discharge were included. By using the appropriate codes (Bramer 1988, NHS Connecting for Health 2009), complication rates after primary joint arthroplasty were identified. We report on surgical endpoints (return to theater (RTT) and re-admission) and medical complications (stroke, gastrointestinal bleeding (GIB), myocardial infarction (MI), and pneumonia within 30 days; deep vein thrombosis (DVT) and pulmonary embolism (PE) within 60 days; and mortality at 30 and 90 days). No patients were lost to follow-up.

Statistics {#ss2}
----------

The data on LOS were non-parametric, and Mann-Whitney U test was used to analyze differences between the 2 cohorts. Prevalence of comorbidities, surgical outcomes, and incidence of complications were treated as binomial variables. These were calculated as 95% confidence intervals (CIs) and they were also compared using chi-square tests (where p-values of less than 0.05 were considered to be statistically significant).

Results {#ss3}
=======

6,000 unselected consecutive arthroplasty procedures where examined. These included 3,000 traditional procedures (in 2,639 patients) between April 2004 and April 2008 and 3,000 ER procedures (in 2,680 patients) between May 2008 and July 2011. [Table 2](#T2){ref-type="table"} compares the demographics and comorbidities between patient episodes in the 2 groups. The ER group had a higher proportion of females, and more patients underwent TKAs than in the Trad group. Also, a higher proportion of ER episodes were coded with hypertension (p \< 0.001), type 2 diabetes (p \< 0.001), and chronic obstructive pulmonary disease (COPD) (p = 0.002).

###### 

A comparison of demographics and comorbidities between the two cohorts

                            Trad      \% (CI)             ER        \% (CI)             p-value
  ------------------------- --------- ------------------- --------- ------------------- ----------
  Demographics                                                                          
   Mean age (SD)            69 (10)                       68 (10)                       0.05
   Male gender              1,482     49.4 (46.9--51.9)   1,390     46.3 (43.8--48.9)   0.02
   No. of TKAs              1,631     54.4 (51.8--56.9)   1,744     58.1 (55.6--60.6)   0.003
  Comorbidities                                                                         
   Hypertension             936       31.2 (28.9--33.6)   1,409     46.9 (44.5--49.5)   \< 0.001
   Atrial fibrillation      143       4.8 (3.8--6.0)      162       5.4 (4.4--6.7)      0.3
   Ischemic heart disease   213       7.1 (5.9--8.5)      249       8.3 (7.0--9.8)      0.09
   Diabetes mellitus                                                                    
    insulin-dependent       21        0.7 (0.4--1.3)      33        1.1 (0.7--1.8)      0.1
    non-insulin-dependent   212       7.1 (5.8--8.5)      293       9.7 (8.4--11.4)     \< 0.001
   Chronic obstructive                                                                  
    pulmonary disease       87        2.9 (2.2--3.9)      133       4.4 (3.5--5.6)      0.002
   Alzheimer                7         0.2 (0.1--0.7)      9         0.3 (0.1--0.8)      0.8

The median LOS was reduced by 3 days in the ER group ([Table 3](#T3){ref-type="table"}). This reduction in hospital stay due to earlier achievement of discharge criteria did not result in a higher re-admission rate. Requirement for blood transfusion was less in the ER group (p \< 0.001), as was the RTT rate (p = 0.05). In the ER group there were statistically significant reductions for 30-day incidence of MI and death. There were 5 deaths within the first 30 days in the ER group, all being in hospital. The causes were perioperative cardiac arrest (day 0), myocardial infarction (day 2), multiple organ failure secondary to pneumonia (day 3), pancreatitis (day 6), and pulmonary embolism (day 8).

###### 

A comparison of surgical endpoints and medical complications in the 2 cohorts

                                                       Trad         \% (CI)           ER          \% (CI)           p-value
  ---------------------------------------------------- ------------ ----------------- ----------- ----------------- ----------
  LOS in days,                                                                                                      
   median (range)                                      6 (1--125)                     3 (0--82)                     0.01
  Blood transfusion **[^a^](#T3-F1){ref-type="fn"}**   230/1,000    23 (20.5--25.7)   228/3,000   7.6 (6.4--9.1)    \< 0.001
  Re-admission                                         141          4.7 (3.8--5.9)    139         4.6 (3.7--5.8)    1.0
  RTT (30-day)                                         60           2.0 (1.4--2.8)    40          1.3 (0.8--2.1)    0.05
  Stroke (30-day)                                      14           0.5 (0.2--0.9)    7           0.2 (0.1--0.7)    0.2
  GI bleed (30-day)                                    18           0.6 (0.3--1.2)    11          0.4 (0.2--0.9)    0.3
  MI (30-day)                                          26           0.9 (0.5--1.5)    12          0.4 (0.2--0.9)    0.03
  DVT (60-day)                                         23           0.8 (0.4--1.4)    14          0.5 (0.2--0.9)    0.2
  PE (60-day)                                          36           1.2 (0.7--1.9)    32          1.1 (0.6--1.7)    0.7
  Pneumonia (30-day)                                   29           0.9 (1.4--2.8)    36          1.2 (0.7--1.9)    0.5
  Death (30-day)                                       16           0.5 (0.2--1.1)    5           0.2 (0.04--0.6)   0.03
  Death (90-day)                                       25           0.8 (0.5--1.5)    14          0.5 (0.2--0.9)    0.1

LOS: length of stay; RTT: return to theater; GI: gastrointestinal; MI: myocardial infarction; DVT: deep vein thrombosis; PE: pulmonary embolism.

**^a^** The transfusion policy changed in June 2007; thus, transfusion data are presented only for the last 1,000 traditional (Trad) arthroplasties, as compared to those for 3,000 ER procedures.

Discussion {#ss4}
==========

The results of this study show that adopting an ER program helped achieve substantial reduction in 4 important outcomes. Firstly, the LOS almost halved without an increase in the rates of re-admission or RTT. Secondly, postoperative blood transfusion requirements were dramatically reduced. Thirdly, the protocol resulted in a fall in recorded 30-day cardiac ischemic events. Finally, and most importantly, both 30- and 90-day mortality declined.

LOS after ER arthroplasty remains a multifactorial issue ([@CIT0009]). In our experience, the coupling of procedural innovation and patient education has resulted in a consistent decline in LOS. This has been maintained well beyond the introduction period associated with high staff enthusiasm. The reduced transfusion rate most likely results from the use of Tranexamic acid, confirming its efficacy in reducing perioperative blood loss and allogenic blood transfusion in hip and knee arthroplasty ([@CIT0002], [@CIT0025]). This was not accompanied by any increase in embolic complications; in fact, the incidence of stroke, DVT, and PE was recorded less often in ER. Despite the higher prevalence of comorbidities (hypertension, ischemic heart disease, COPD, and type-2 diabetes), ER patients suffered fewer cardiac ischemic events.

The cost of consumables per procedure is modest (e.g. Tranexamic acid €3.67 per gram, Levobupivacaine €28.4, catheter €9.5, ambIT pump €35.5, Cryo/Cuff €47). 7-day rather than 5-day availability of physiotherapy costs €35.5 per procedure. This means an additional unit cost of €112 for THAs and €160 for TKAs. The ER group had 11,400 bed days less than the traditional group. A conservative estimate for the cost of an elective orthopaedic bed was €320 a day in 2008 ([@CIT0013]). Thus, there was effectively €3.5 million of savings with this cohort of ER patients. These released bed days increased the effectivity of the unit, as evidenced by the shorter period of time to complete 3,000 procedures with the ER program than with the traditional protocol (37 months as opposed to 49 months). Reduced transfusion also has cost implications, at €145-- €166 per unit (NHS Blood and Transplant 2012). The reduced medical complications with the associated physical, social, and financial implications further justify an ER protocol.

This study had some limitations. The 2 cohorts were not concurrent. The ER patients and staff looking after them benefitted from educational measures to help reduce LOS. These were both unselected cohorts, and the higher proportions of females and of TKAs during the ER period were incidental. There were changes in DVT prophylaxis regimen during both periods, but these reflected changes in NICE guidance (NICE 2007, 2011). The changes in antibiotic prophylaxis mentioned above may also have had a confounding influence on medical complications. Also, the ER cohort was more recent, and would have intuitively benefitted from advances in diagnostic and therapeutic modalities. Nevertheless, this is the largest series of consecutive and unselected primary hip and knee arthroplasties reported to date, and confirms that Enhanced Recovery is practical, safe for patients, and cost-effective.
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